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Some of the ornamental work upon the carved bone or horn
articles, figured in the last plate, may evidently be classed with the
modern American occupation of " Whittling," and must have been a
great amusement on a rainy day. The wavy and zig-zag patterns
are similar to those seen upon early hand-made, and often sun-dried
pottery.

V.—BBPORT OP THE 29TH MEETING OF THE BRITISH ASSOCIATION FOB
THE ADVANCEMENT OF SCIENCE, held at Exeter, August, 1869.
London, 1870. 8vo. pp. 704. John Murray.

TlfTJ. GEOHGE GRIFFITHS, the Assistant General Secretary,.has dis-
; JjtL played great diligence in bringing out the annual volume of
reports and proceedings so soon after the meeting. Among the
numerous papers of geological interest, we select one which appears
especially deserving the attention of our readers.

EEPOBT ON ICE AS AN AGENT OF GEOLOGIC CHANGE. By a Com-
mittee, consisting' of Professor Otto Torell, Professor Eamsay,
LL.D., F.B.S., and H. Bauerman, F.G.S.

We are of opinion that the work already done in the investigation
of the phenomena connected with ice is not sufficient to enable us to
prepare a Report showing the precise effect of " ice as an agent of
geologic change;" but enough has been done to show in part the
manner in which the subject may be followed, for the purpose
of obtaining information as to the quantitative action of glaciers, both
as regards their erosive and transporting powers.

1st. We would select a well-
known glacier-region, such as
the Alps, and there for prelimi-
nary investigation fix on a large
glacier, simple in structure, and
easily accessible, such, for ex-
ample, as the lower glacier of the
Aar. If not already done, the gla-
cier and the surrounding moun-
tains ought to be well surveyed
and mapped, and its moraines
clearly expressed.

2nd. The amount of rocky and
earthy matter forming each me-
dial and lateral moraine would
require to be determined as accu-
rately as possible, probably in the
manner illustrated by the accom-
panying rough diagram of an
imaginary glacier. Diagram of a Glacier.

Take of the medial moraine marked a a space, say, from 100 to
600 yards in length, and estimate the solid contents of that portion
of the moraine. This should be done as near as possible to the place
where the medial moraine is fonned by the union of the two lateral
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moraines * and y', for lower down part of the material may disappear
by falling into crevasses. The same must be done for the moraines
6 and e, or for each of the medial moraines; and also, in several
places, for the lateral moraines d and e. Then ascertain the rates of
the onward movement of the glacier, according to circumstances, in
various portions of its length, and at various seasons of the year j
and by these means will be ascertained to a great extent (but not
precisely) the quantity of matter carried annually on the surface of
the glacier to its termination, and this matter will represent a very
large part of the waste of the sides of the mountains that bound the
snow and glacier basins o, p, q, and the sides of the mountains that
bound the glacier lower down towards its terminal moraine.

3rd. The chief part of the remainder of the rocky and earthy
matter that is carried from the mountains to the level of the glacier,
will pass under it at its sides, and mingle with the material that finds
its way to the bottom of the glacier by means of crevasses and
mbulins, and also with that which is the product of the erosive
action of the glacier exerted on its bed, and on the stone blocks
imprisoned at the bottom of the ice. A small part of the above-
named remainder may also be caught in the ice, and imprisoned in
rejoined crevasses.

4th. "We see no way of precisely estimating the amount of erosion
produced by the weight and movement of the glacier—that is to
say, the rate at which any given glacier may deepen and widen its
valley by pure wearing action, owing to the circumstances that the
sediments discharged along with the water that flows from the end
of a glacier do not represent the amount produced by mere erosive
force, for the reason stated under head 3. But it is essential to the
main question that correct estimate should be made of the amount of
solid matter brought from under the glacier by the help of running
water, and also of the amount carried away by the continual wasting
of streams of the terminal moraine.

As regards the matter in suspension in the river, and also that
forced along its bottom, it should be estimated, if possible, at a
point r, just below where various streams unite that flow from the
ends of most great glaciers. Where there is only one stream (as in
the Aletsch glacier), the closer the better. The operation would
be very laborious; for, unless frost and snow prevented it, it would
require to be done for every day in a year or years, and several
times each day, at least in summer and autumn, and probably in
spring and winter also. For example, in summer the quantity of
water varies largely, according to the heat of various periods of the
day; and it would probably be necessary to make an observation
every day before sunrise, another some time before noon, another
between four and six o'clock in the afternoon, and another after
nightfall; in fact sufficiently often to obtain an average for each day
in the year.

With regard to the transport of heavier matter from the terminal
moraine (which forms a portion of this part of the subject) by
means of the estimates indicated under head 2, assuming that all
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terminal moraines are formed chiefly from matter transported on the
surface of the glacier.

5th. If the foregoing methods are correct, they might afterwards
be applied to all the glaciers of the Alps, and the rate of waste and
transport by glacier action might be approximately determined; and
in like manner they might also be used for well-known and com-
paratively accessible mountain-ranges like the Scandinavian chain,
the Himalayas, the mountains of New Zealand, and in time to the
Eocky Mountains, the Andes, and others.

6th. But the above only forms part of the subject, and to attempt
to estimate the existing importance of " ice as an agent of geological
change," the glacier and glacial phenomena generally, as regards
erosion and terrestrial and marine transport of material, must be
taken into account in such regions as Spitzbergen, Greenland, and
Victoria Land in the southern hemisphere. Something on a small
scale may be done in Spitzbergen and the southern part of Green-
land ; but at present we see no likelihood of definite observations
being made on the western side of'Greenland further north, and in
the extreme north of that continent, or on its eastern shores, either
in respect to the erosion produced by its great glaciers, the effect of
floe and shore ice, or the transporting work done by the icebergs
that float southwards from its shores.

Something is known of the general result, but it seems very im-
probable, with regard to the number and size of icebergs, and the
quantity of matter they bear southwards, that anything definite is
likely to be ascertained at present. The same remarks bear yet more
strongly on the glacial phenomena of Victoria Land.

7th. But when so much remains to be done on the Alps, and on
other accessible mountain areas, such difficult points can afford to
wait for the present, and we are of opinion that, perhaps, it is possible,
after the subject has been investigated with regard to the existing
glaciers of the Alps, to apply approximately the same method to the
older extension of the Alpine glaciers during the last glacial period,
and to invent a process by which we may be able, in some degree,
to estimate the amount of erosive waste, and of transport of moraine
matter on the surface of the great glaciers of that epoch. Accurate
surveys of old moraines of that epoch would be essential to this end,
such, for example, as that of the great moraine of Ivrea. The ex-
tent of the glacier has been shown by Gastakli, and the area occupied
by, and cubic contents of, the moraine must be estimated ; and if it
be possible to feel our way towards data, attempts must be made to
estimate the amount of waste of the moraine going on at the time it
was deposited by the streams flowing from the end of the glacier.
Numerous other considerations arise from this extended view of the
question, one of which is, that, perhaps, it may be applied to other
glaciated regions where glaciers no longer exist, such as the Vosges,
file Black Forest, Wales, the North of England, Scotland, &c, thus :
—Given an area such as the Alps and the Lowlands of Switzerland
covered with glacier-ice ; if an approximate estimate can be formed
of the amount of waste suffered by that land, due to glacier-action,
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so under like circumstances is it possible, more or less accurately,
to estimate the amount of erosions and other waste suffered by an
equal area in such a territory as the North of Greenland at the
present day.

In conclusion, any qualified person, with proper assistance and
time at his disposal, could undertake the preliminary work on a
single glacier; but to do what is necessary to complete it for such
ftn area as the Alps would, probably, involve national scientific co-
operation.

VI.—DB. 0. W. GUMBEL'S EKSBAKOHES IN FOSSIL FOBAMINIFERA

AND ENTOMOSTRACA.

g -J- A MONG the additions lately made to our knowledge of the
§ ' A Microzoa of past times, we have especially to notice two
works by Professor Dr. C. W. Gumbel, Bergrath, etc., of Munich.
In one of these memoirs we have a monograph of the Foraminifera,
associated with Nununulites in the Kressenberg Nunimulitic Strata,
or Lower Eocene beds, of the North Alps.1

The Geology of the Bavarian Alps and their Nummulitic Strata
was described by Dr. Gumbel in his Geognostische Beschreibung
der bayerischen Alpen in 1861; but at that time few Foraminifera
besides the Nummulites had been detected in these strata. He now
explains how further research has discovered innumerable Microzoa
in the marls and limestones, under different conditions,—loose,
compact, and as siliceous casts.

Dr. Gumbel's carefully drawn plates illustrate the Foraminiferal
fauna of the Kressenberg Strata, excepting the Nummulites. This
fauna approaches in general aspect that of our London Clay, and of
the Septarium-clay of Hermsdorf (Prussia), but differs from either
in the abundance of Orbitoides, Qpereulinae, and Nummulince. Mete-
rostegina, Calcarina, and Alveolina are also associated with these, and
are very rare, or absent, in the two Eocene formations mentioned
above, which, on their part, are not deficient in Miliolee, a group not
represented in Dr. Giimbel's Bavarian plates. The Bracklesham
sandy beds, with their abundant Alveolince and Nummulirue are, of
course, the well-known equivalents" of these true Nummulitic lime-
stones and marls ; but they have, in other respects, a poor Forami-
niferal fauna, though they add abundance of Miliolee and Discorbina
turbo to the list. The Grignon beds (Lower Tertiary) are both
Miliolitic and Nummulitic, and have many of the Bavarian species,
together with a great variety of others, not met with in the Northern
Alps by Dr. Gumbel and his associates. A monograph of the
Foraminifera of the Parisian Tertiaries is much wanted.

The Middle Tertiaries of Vienna, as represented by D'Orbigny,
1 Beitrage zur Foraminiferenfauna nordalpinen, alteren Eocangebilde oder der

Kressenberger Nummulitenscbichten. 4to. Munich, 1868. Extracted from the Trans-
actions of the Koyal Bavarian Academy of Sciences, Cl. 2 ; vol. x., Part I I . , pp.
581-730. With four plates.


